During the last four decades, the cathodic cleavage of alkyl halides has been a widely explored field in organic electrochemistry. 1, 2 Most of the early reported results pertain to the polarographic reduction of alkyl halides (RX) at mercury electrodes, for which the process was suggested to be a two-electron scission of the carbonhalogen bond. Other studies have focused on the reduction of alkyl halides at graphite and glassy carbon cathodes, for which the cleavage reaction has been concluded to occur via a slow electrochemical process involving dissociative electron transfer.
During the last four decades, the cathodic cleavage of alkyl halides has been a widely explored field in organic electrochemistry. 1, 2 Most of the early reported results pertain to the polarographic reduction of alkyl halides (RX) at mercury electrodes, for which the process was suggested to be a two-electron scission of the carbonhalogen bond. Other studies have focused on the reduction of alkyl halides at graphite and glassy carbon cathodes, for which the cleavage reaction has been concluded to occur via a slow electrochemical process involving dissociative electron transfer. 3, 4 The use of platinum (and palladium) cathodes for the reduction of non-activated RX compounds has not been extensively investigated, especially for X = Br or Cl, because non-activated RX compounds are generally reduced at potentials more negative than -2.5 V vs. SCE. This lack of research is due to the well known ease (low overpotential) with which hydrogen gas is evolved at platinum via reduction of water. To prevent this process, superdry conditions are strictly required, but difficult to attain and maintain. At appropriately negative potentials, platinum is now known 5 to react with components of the supporting electrolyte (tetraalkylammonium salts) to afford a new surface phase (termed an ionometallic layer), i.e., (Pt -n , R 4 N + , R 4 NBF 4 ), the thickness of which depends on the quantity of electricity passed and on the identities of the cation and anion of the electrolyte.
We report here preliminary results obtained for the reduction of primary alkyl halides (bromoethane, 1-bromo-and 1-chloropropane, 1-iodobutane, 1-iodopentane, and 1-bromohexane) at platinum electrodes. All electrochemical experiments were conducted in superdry dimethylformamide (in the presence of activated neutral alumina) containing 0.10 M tetramethylammonium tetrafluoroborate (TMABF 4 ), the water content of the system being approximately 3 mM.
Results
Bulk electrolyses were carried out in DMF containing 0.10 M TMABF 4 at a platinum gauze cathode (area of approximately 15 cm 2 ) both without and with a freshly platinized surface (obtained via preliminary electrolysis of a solution of H 2 PtCl 6 in dilute hydrochloric acid). It is evident that the course of the electrolysis depends on the moisture content of the solvent-supporting electrolyte. In carefully dried DMF-TMABF 4 (stored over activated neutral alumina overnight, with more alumina being added to the electrochemical cell at the start of an electrolysis), the evolution of methane (via reduction of TMA + ) occurs at -2.7 V vs. SCE in rather good yield.
To 4 -via an anion-exchange process.
Reduction of 1-bromopropane (E = -2.8 V vs. SCE) for quantities of electricity up to 2 F mol -1 afforded propene almost exclusively (with traces of methane arising from the decomposition of TMA + ). Bromoethane yielded ethene (90%) and ethane (10%). At a freshly platinized platinum electrode held at -2.8 V vs. SCE, 1-chloropropane was converted quite selectively into propene (97%). 1-Iodobutane (more readily reducible than other species mentioned above) was reduced at a potential slightly more positive than that required to form the ionometallic layer; accordingly, at -2.2 V vs. SCE (quantity of electricity of 1 F mol -1 ), 1-butene and butane were found in essentially a 1:1 ratio.
